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Introduction 

High-specific-energy Li-Al/FeS2 cells are being developed at Argonne 
National Laboratory (ANL) for off-peak energy storage batteries in electric- 
utility netw0rks.l 
being developed at ANL for electric automobile batteries. 
a molten-salt electrolyte such as the LiC1-KC1 eutectic (mp, 352qC) and 
operate at temperatures between 375 and 450'C. These cells have been found 
to be superior to earlier lithium/sulfur cells, in which elemental lithium 
and sulfur were the active materials. The Li-A1/FeS2 cells have exhibited 
stable performance without significant decreases in capacity upon cell cycling 
and without severe corrosion problems. 
cells (150 A-hr capacity) for the energy-storage application have been described. 
These cells have achieved specific energies of 140 W-hrlkg at the 10-hr rate 
and cell lifetimes have exceeded 1800 hr. 

Similar cells, but with higher specific power,, are also 
The cells have 

3 Engineering-scale Li-Al/FeSz 

This paper describes the design and development of the compact, high- 
performance FeS2 electrode used in the more recent of the engineering-scale 
cells. Also discussed is the operation of laboratory-scale cells and the 
methods used to achieve dimensional control of the FeS2 electrode. 
information gained in the laboratory studies was used for the design of the 
larger-scale cells. 
advances have been made in achieving stable cell capacity with cycling, improving 
the utilization of the cell reactants, and achieving dimensional stability 
of the sulfide electrode. 

The 

With the improvements in the FeS2 electrode, significant 

Laboratory-Scale Experiments 

Four laboratory-scale cells were operated; the cells were of the design 
shown in Fig. 1. The positive (FeSg) electrodes were about 5.7 cm in diameter 
and had capacities of 12-13 A-hr. The electrode consisted of a bed of 
finely divided FeS2 powder encased in a thin layer of zirconia cloth to 
contain particulates; this structure was, in turn, encased in a basket of 
molybdenum mesh to provide structural support. 
a solid Li-Al alloy that had been electrochemically formed on a substrate 
of porous aluminum using a method developed at this lab~ratory.~ 

The negative electrode was 

Iron disulfide power (reagent grade) was purified before use to remove 
a silicate impurity; this was accomplished by a flotation technique using 
tetrabromomethane (density, 3.42). 
to select a particle size distribution between 80 and 150 vm. 

The resulting FeS2 powder was dried and sieved 
This particle 
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s i z e  w a s  chosen t o  avoid (1) t he  dimensional i n s t a b i l i t y  t h a t  would 
r e s u l t  from t h e  use of a very f i n e  powder (<50 pm) and (2) t h e  decrease 
i n  surface area and, hence, a decrease in FeS2 u t i l i z a t i o n  t h a t  would 
r e s u l t  from t h e  use o f  a par t ic le  s i z e  l a r g e r  than 150 pm. 

Several materials were t e s t ed  fo r  use a s  cur ren t  co l l ec to r s ,  including 
Armco i ron ,  n i cke l ,  and molybdenum. I n  test c e l l s ,  both Armco i r o n  and 
n icke l  reacted with t h e  s u l f i d e  and eventua l ly  were severely corroded. 
Molybdenum showed no r eac t ion  with the c e l l  environment and provided long 
c e l l  l i f e t imes .  The design of t he  engineering-scale e lec t rode ,  therefore ,  
included cu r ren t  c o l l e c t o r s  of molybdenum. It is believed t h a t  a cur ren t  
co l l ec to r  of a more common material can be  p la ted  with a th in  l a y e r  of 
molybdenum t o  provide  t h e  necessary p ro tec t ion  from corrosion. Such a 
procedure would s i g n i f i c a n t l y  reduce the  c o s t  of t he  cur ren t  co l l ec to r s .  

Figure 2 shows t y p i c a l  c e l l  vo l tage  pa t t e rns  during discharge 
(lower curves) and charge cyc les  (upper curves) ;  the  two s t a b l e  
vol tage  p la teaus  are c h a r a c t e r i s t i c  of t h i s  system. 
f o r  a c e l l  having a molybdenum curren t  c o l l e c t o r  i n  t h e  FeS2 e lec t rode  
a f t e r  about 50 h r  (Cycle 5) and 200 hr (Cycle 25) of operation. No 
decrease in capac i ty  wi th  ce l l  cycling was observed; u t i l i z a t i o n  of the  
c e l l  r eac t an t s  was about 90%. Because the  coulombic e f f i c i ency  was 
high (>95%) and the  ce l l  r e s i s t ance  was low, energy e f f i c i enc ie s  between 
60 and 80% were achieved. 

These da ta  were taken 

Another example of t he  s t a b i l i t y  of ce l l  capacity cycling can be seen 
i n  Fig.  3 .  I n  t h i s  cell ,  a capacity g rea t e r  than 75% of the  theo re t i ca l  
w a s  maintained over a period of 200 h r ,  a t  which time t h e  c e l l  operation 
w a s  vo lun ta r i ly  terminated. I n  a c e l l  t h a t  w a s  operated f o r  500 h r ,  a 
capacity dens i ty  of 0 . 4 3  A-hr/cmZ (90% of t heo re t i ca l )  was achieved, and 
no dec l ine  i n  capac i ty  occurred over t he  e n t i r e  operating period. The 
energy e f f i c i ency  w a s  maintained above 70%. 

Design of Engineering-Scale FeS:, Electrode 

The design of t h e  pos i t i ve  e lec t rode  developed f o r  t he  engineering- 
s c a l e  c e l l s  is shown i n  Fig.  4 ;  t h i s  e l ec t rode  has a diameter of 12  cm 
and a capacity o f  150 A-hr. 
weight required fo: cu r ren t  co l l ec to r s  and t o  maximize the  u t i l i z a t i o n  of 
t h e  FeSg r eac t an t .  The cur ren t  co l l ec to r  consisted of f i v e  l aye r s  of 
l ightweight molybdenum expanded mesh (5-mil thickness) which were cu t  
i n t o  c i r c u l a r  shape, and joined t o  a cen te r  terminal pos t  with a s i lve r -  
so lde r  brazing. 

The design w a s  se lec ted  t o  minimize the  

The cu r ren t  c o l l e c t o r  was  encased i n  a t h i n  l a y e r  of z i rconia  c l o t h  
t o  r e t a i n  the  f i n e l y  divided FeS2 powder (150 pm); the  z i rconia  c l o t h  w a s ,  
in tu rn ,  encased i n  a lightweight (1.90 g) molybdenum expanded mesh basket 
f o r  a s t r u c t u r a l  backing. This basket cons is ted  of two halves which were 
sewn together with a molybdenum wire (5  mi l ) .  
poured i n t o  the  e l ec t rode  s t r u c t u r e  through a small  opening. 

The FeS2 (1.170 g) w a s  
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During loading of the FeS2, t h e  e l ec t rode  was v ibra ted  t o  provide 
a uniform d i s t r i b u t i o n  of FeS2 wi th in  t h e  s t r u c t u r e  and t h e  des i red  degree 
of compactness. Thus, the  r e su l t i ng  e l ec t rode  s t r u c t u r e  contained a porous 
bed of FeS2 with s u f f i c i e n t  space allowed f o r  t he  expansion of t h e  ce l l  
reac tan t  and the  addi t ion  of the  necessary amount of e l e c t r o l y t e .  
technique w a s  developed during the  course of t he  labora tory  experiments. ) 
Fina l ly ,  the  e n t i r e  basket s t r u c t u r e  w a s  enclosed i n  a boron n i t r i d e  f a b r i c  
(not shown i n  Fig. 4). which served as a separa tor .  With t h i s  design, t h e  
t o t a l  weight of the  s u l f i d e  e lec t rode  was only 280 g ( t o t a l  c e l l  weight, 

(This 

1.1200 9). 

It is believed t h a t  t h e  weight of the  e lec t rode  can be reduce6 even 
fu r the r  by e l imina t ing  the  z i rconia  c lo th  and molybdenum basket;  however, 
a more s u i t a b l e  form o f  boron n i t r i d e  f a b r i c  is needed f o r  t he  e l ec t rode  
separa tor  before  t h i s  can be  accomplished. 
must be  of t he  proper poros i ty  t o  r e t a i n  the  f i n e l y  divided FeS2 and ye t  
allow s u f f i c i e n t  passage of e l ec t ro ly t e ;  t h e  f a b r i c  must a l s o  have 
s u f f i c i e n t  s t r eng th  t o  give good mechanical backing t o  t h e  e lec t rode .  

Conclusions 

The boron n i t r i d e  f a b r i c  

The experimental r e s u l t s  obtained wi th  the  compact FeS2 e l ec t rode  have 
been highly promising. 
have been constructed with theo re t i ca l  capac i t i e s  per u n i t  volume of >1 
A-hrIcm3. 
is capable of achieving a s p e c i f i c  energy of 1.180 W-hr/kg. 
exceeds the  specific-energy goal f o r  a s ing le  ce l l  t h a t  has been s e t  i n  our 
program t o  develop a ba t t e ry  f o r  bulk s torage  of e l e c t r i c  energy. 
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